OBJECTIVE: Identify proteins that are differentially expressed between head and neck squamous cell cancer (HNSCC) and patient-matched normal adjacent tissue, and validate findings in a separate patient cohort. STUDY DESIGN: Cross-sectional study of surgical specimens. SETTING: Tertiary care academic medical center. SUBJECTS AND METHODS: Laser capture microdissection and two-dimensional difference gel electrophoresis were used previously to establish proteomic profiles for tumor and normal adjacent tissue from 14 patients. Here, significance analysis of microarray was used to rank candidate biomarkers. Spots meeting statistical and biological criteria of significance were analyzed by liquid chromatography and tandem mass spectrometry to obtain protein identifications. The expression pattern of the highest-ranked candidate biomarker (cornulin) was validated in a larger, independent patient cohort (n ϭ 68) by immunohistochemical staining of a tissue microarray. RESULTS: Of 732 spots, 117 (15.9%) met criteria for significance. Identities were obtained for 39 spots, representing 17 different proteins. Four proteins were novel in the context of HNSCC: glutathione synthetase, which was upregulated; and cornulin (squamous epithelial heat shock protein 53), guanylate binding protein 6, and heat shock 70 kDa protein 5 (glucoseregulated protein, 78 kDa), which were downregulated. Cornulin functions in the stress response in normal squamous epithelium, and reduced expression has been proposed as a marker of susceptibility to laryngopharyngeal reflux and other stressors. Loss of cornulin expression was confirmed in an independent HNSCC patient cohort (P Ͻ 0.001). CONCLUSIONS: Downregulation of cornulin is a prominent feature of the molecular signature of HNSCC identified by comparative proteomics. Cornulin may represent a link between HNSCC and other pathologies arising in stratified squamous epithelium.
S quamous cell carcinoma of the head and neck (HNSCC) is the sixth most common malignancy worldwide in adults, with nearly 50,000 new cases diagnosed in the United States each year. 1 Risk factors include tobacco and alcohol use and infection with high-risk types of human papillomavirus. In contrast to most other cancer types, the overall survival rate (60%) for HNSCC has changed only slightly, if at all, in the last 30 years (see Argiris et al 2 for an epidemiology review). These statistics are especially sobering in light of advances in imaging technology, surgical and nonsurgical treatment methodologies, and perioperative medical care for the head and neck cancer patient.
One promising avenue of research is the identification of biomarkers of disease state. These are available for other cancers, notably breast and prostate cancer, where they are beginning to be applied clinically. Biomarkers can be used in a number of ways, including early detection, establishment of prognosis, prediction of the response to specific therapies, analysis of surgical margins, and monitoring for disease recurrence. Biomarkers can also provide insights into the pathobiology of specific disease states. A common starting point for identification of biomarkers is proteomic profiling to compare tissue or accessible body fluids from the HNSCC patient with corresponding uninvolved tissue or fluids from healthy subjects.
We have previously reported proteomic profiling of HNSCC tissue and patient-matched normal adjacent tissue (NAT). We used laser capture microdissection (LCM) to obtain pure populations of cancer cells. Microdissection excludes stroma and necrotic tissue, potentially increasing specificity. We then used two-dimensional difference gel electrophoresis (2D-DIGE) to accurately measure abundances of 732 protein spots that were detected in more than 90 percent of the samples. We previously reported that there were no significant differences in the overall proteomic patterns of HNSCC from different anatomic subsites. 3 Here we describe molecular identification of top-ranked biomarkers that differentiate HNSCC and NAT. The top-ranked biomarker identified in this study, cornulin, was validated in a larger cohort. Interestingly, cornulin has been implicated previously in resistance of normal tissue to several of the etiologic factors for HNSCC, including alcohol, chemical stressors, and pathogen infection.
METHODS

Patient Selection
The cohort has been described, 3 and included tissue samples obtained from patients with histologically confirmed HNSCC treated at the Medical College of Georgia (MCG) from 2004 to 2007 that enrolled in a voluntary tissue/tumor banking registry. Collection of tissue and subsequent analyses were approved by the MCG Institutional Review Board. All patients with available matching tumor and adjacent histologically normal frozen tissue at study inception were included. Biopsy specimens for the study were obtained before chemotherapy and/or radiotherapy. The cohort consisted primarily of patients with advanced TNM stage; three patients were TNM stage I/II, and 11 patients stage III/IV. Subsite of origin was oropharynx (3), larynx (4), and oral cavity (7) .
LCM/2D-DIGE Analysis
The experimental procedure and data analysis were as described previously. 3 Briefly, tumor and patient-matched NAT from 14 patients was stained with nuclear fast red and subjected to LCM using an Arcturus PixCell IIe microscope (Arcturus, Conifer, CO). Protein from captured cells was extracted and quantified, and an aliquot of each sample was labeled to saturation with Cy5 sulfhydryl-reactive dye. A mixed internal standard was prepared by combining an aliquot of protein lysate from each sample and labeled to saturation with Cy3 sulfhydryl-reactive dye. Each Cy5labeled sample was mixed with an aliquot of the Cy3labeled internal standard and subjected to 2D-DIGE prior to scanning and analysis.
Protein Identification
Proteins that met the statistical and biological criteria for significance, as explained in results, were considered candidates for molecular identification. LCM was used to obtain approximately 200 g of protein from the patient samples. The protein was labeled with Cy5, mixed with 1 g of the Cy3-labeled internal standard, and subjected to 2D-DIGE. Spots were matched to the master analytical gel and picked by a robotic corer (Ettan Spot Picker; GE Healthcare Sciences). Proteins were digested with trypsin, and peptides were subjected to liquid chromatography-tandem mass spectroscopy (LC-MS/MS) using an LTQ ion trap mass spectrometer (Thermo Scientific, Waltham, MA). Protein identities were determined from LC-MS/MS data using the Sequest algorithm as implemented by the BioWorks Browser v 3.2 (Thermo Scientific) and searching against the National Center for Biotechnology Information (NCBI) database. Iden-tification was considered successful based on the Sf score (Ͼ0.5), the P value (Ͻ0.05), and consistency between experimental and predicted molecular weight and pI.
Immunohistochemistry
A commercial tissue microarray (TMA) (Biomaxx, Rockville, MD) was stained with anti-cornulin antibody, as described previously. 4 Briefly, the slide was incubated with 1:100 anti-cornulin (Alexis, San Diego, CA) for 30 minutes. The slide was washed twice with phosphate-buffered saline (PBS), then with horseradish peroxidase (HRP)-conjugated goat anti-rabbit immunoglobulin (Envisionϩ HRP kit, Dako Corp, Carpinteria, CA). The slide was rinsed twice with PBS and bound antibody was detected using diaminobenzidine. The slide was counterstained with hematoxylin. Scoring was determined by a board-certified pathologist (JRL) and reported on an ordinal scale as zero (no expression) to three (strong expression).
RESULTS
Proteomic Profiling
Profiling was performed previously using 14 HNSCC and 14 patient-matched NAT samples. 3 Patient demographics were also reported previously. 3 Men and women were equally represented. Age at diagnosis ranged from 45 to 74 years. Patients were also classified by sex, primary subsite, tumor-node-metastasis (TNM) stage, histologic grade, tumor type (recurrent versus primary), and management. Samples were obtained from standard histologic sections by LCM. Proteins were extracted, fluorescently labeled, and analyzed by 2D-DIGE using an internal standard design. Spot maps were generated for 28 gels (14 HNSCC, 14 NAT). The maps were aligned with a master spot map, and relative abundance values were generated for each of 732 protein spots that were common to more than 90 percent of gels.
Statistical Analysis
Significance analysis of microarrays (SAM) was used to evaluate the paired relative abundance values for each protein spot, and a false discovery rate was estimated using permuted data sets. A false discovery rate of zero was chosen as a statistical cutoff. Of 117 spots that met this criterion, 35 increased in HNSCC versus NAT and 82 decreased. We applied a second filter of twofold change, reasoning that proteins that had less than twofold change were unlikely to be robust biomarkers. Of 75 spots that passed both filters, 23 increased in HNSCC versus NAT, and 52 decreased.
Protein Identification
SAM analysis provides a statistically ranked list, which aids in prioritization of spots for identification. We attempted the identification of 51 spots by LC-MS/MS using an ion trap LTQ mass spectrometer. Of the 39 (77%) that were identified, seven were present in two or more spots, leaving 17 unique identifications. Identified proteins are listed in Table 1 and are sorted by direction and magnitude of fold change. They included structural proteins, markers of cell proliferation, and stress proteins.
Marker Characteristics
To evaluate the ability of the 39 identified spots to collectively discriminate between HNSCC and NAT, we performed an unsupervised clustering analysis and represented the results in the form of a heat map ( Fig 1A) . HNSCC samples clustered separately from NAT, and the difference in expression pattern was readily apparent by inspection. We also performed a principal component analysis using the same group of identified spots ( Fig  1B) . The normal samples and cancer samples again clustered, indicating that the 39 identified spots robustly discriminated between groups. MW, molecular weight; P (pro), the P value for the identified protein (scores Ͻ11 were not significant); PC (peptide coverage), the amount of the identified proteins that the peptides covered.
As in a previous study of cervical cancer using a similar methodology, 4 more spots are differentially absent in cancer (green on right half of Fig 1A) than are differentially present (red on right half of Fig 1A) . The overall "proteomic signature" thus defined includes both abnormally low and abnormally high values for individual proteins.
Cornulin
The statistically top-ranked marker was cornulin (also known as c1orf10 and squamous epithelial-induced stress protein of 53 kDa [SEP53]), a member of the calciumbinding S-100 protein family. Indeed, isoforms of cornulin were identified six times within the set of 39 identified spots. Relative expression values for cornulin in HNSCC and patient-matched NAT samples are graphed in Figure  2A . Cornulin levels decreased in all 14 patients, and there was no overlap between cornulin abundance values in HNSCC and NAT. Thus, the area under the receiver operating characteristic curve was 1.0 (not shown), which is outstanding for a single marker.
Because of its statistical ranking and the prior evidence for involvement in a variety of squamous tissue pathologies (see Discussion), we sought to validate the cornulin findings in a larger cohort. We analyzed expression using anti-cornulin antibody to stain a TMA containing normal oral squamous epithelium (14) , well differentiated (16), moderately differentiated (26), and poorly differentiated (12) tumors (representative images, Fig 2B) . The mean graded staining intensity for normal tissue was 2.5 on a zero to three scale. The mean graded intensities for the well, moderately, and poorly differentiated tumors were 0.0, 0.08, and 0.2, respectively ( 2 ϭ 59.8, P Ͻ 0.001, Fig 2C) . In eight of 68 cores, strong focal expression of cornulin could be seen among nonstained tumor cells. These areas may correspond to maturing squamous morules and were not included in the grading scheme. An example of this focal staining is shown in Figure 2B . The cores with intense focal staining were seen in well-differentiated HNSCC (4/16) and moderately differentiated HNSCC (4/26), but not in poorly differentiated cancer (0/12).
DISCUSSION
Here we report a set of 17 identified proteins that strongly discriminated between HNSCC and patient-matched NAT. The use of patient-matched tissue was important for defining this data set. With cornulin, for example, abundance values in normal tissue varied, but the fold decrease in HNSCC was similar in most cases (Fig 2) . Similarly, the use of LCM to obtain pure populations of tumor cells may have been helpful in reducing confounding factors.
Proteins That Increase in HNSCC
There were six unique proteins that were upregulated in HNSCC versus NAT. One of these, glutathione synthetase, is novel in the context of HNSCC. Elevation could reflect oxidative stress in the tumor microenvironment. Oxidative stress could also be responsible for the elevation of manganese superoxide dismutase, a finding that is consistent with many prior reports. [5] [6] [7] Manganese superoxide dismutase expression has also been suggested to correlate with metastatic potential in cell lines. 8 Elevation of keratin-17 is consistent with previous reports that expression increases in HNSCC, is correlated with metastatic potential, and is seen in positive lymph nodes. 7, 9, 10 Elevated proliferating cell nuclear antigen is consistent with the role of this protein in DNA replication and with a previous report that this is an adverse prognostic marker for HNSCC. 11
Proteins That Decrease in HNSCC
There were 11 unique proteins that were downregulated in HNSCC versus NAT. The most highly ranked protein was cornulin, which is a novel biomarker in the context of HNSCC. Prior studies have shown that cornulin is expressed in normal stratified squamous epithelium. Strikingly, its normal function is to promote resistance to some of the etiologic factors for HNSCC, including alcohol and other chemical insults. 12 It also bears the evolutionary signature of a pathogen resistance gene, 13 which is of interest because of the association of a subset of HNSCC with viral infection. Loss of cornulin has been implicated as a predisposing factor in symptomatic laryngopharyngeal reflux dis-ease. 14 Loss of expression has also been reported previously in esophageal cancer and to some extent in Barrett's esophagus, the precursor of esophageal adenocarcinoma. 15, 16 Similarly it is lost in cervical cancer and its precursor, high-grade squamous intraepithelial lesions (HSIL). 4 Indeed, in this recent study, cornulin was the only biomarker that quantitatively discriminated normal cervix, HSIL, and invasive cancer. 4 The similar downregulation of cornulin in HNSCC, esophageal, and cervical cancers may reflect their common origin in squamous epithelium.
Guanylate binding protein 6 is also a novel biomarker in the context of HNSCC. Interestingly, this member of the 65-kDa GTPase family is normally upregulated in response to interferon-␥ (IFN-␥). 17 Decreased expression in cancer could reflect lower expression of IFN-␥ in the tumor-microenvironment or loss of ability to respond to this inflammatory cytokine.
Heat shock 70-kDa protein 5, also known as glucoseregulated protein 78 (GRP78), was a third novel biomarker in the context of HNSCC. The twofold decrease in GRP78 was unexpected, as this stress protein has been shown to be upregulated in a number of other cancers, including breast, prostate, liver, colon, and gastric cancers. 18 There have been no prior reports of either increased or decreased expression in HSNCC. Further investigation of this potential marker is warranted.
The present survey also identified many proteins that have been reported before as HNSCC biomarkers. Expression of cytokeratins 4, 8, and 13 decreased in HNSCC relative to NAT, consistent with several reports. 19, 20 Keratin-4 was one of only two markers where there was no overlap in abundance values between HNSCC and NAT (cornulin was the other). Annexin A1 decreased in HNSCC relative to NAT in all 14 patients. Expression of transglutaminase 3, which cross-links proteins in cornified epithelium, was decreased in HNSCC consistent with prior reports. 9, 21 Cystatin-B, a cathepsin-B inhibitor, was decreased, although in a prior study it was unchanged. 22 There was a decrease in the leukocyte elastase inhibitor (also known as Serpin B1), which is consistent with our previous findings in cervical cancer. 4 We saw a decrease in Annexin A1, consistent with three previous studies, although other studies have reported an increase; this discrepancy is unexplained. 5, 6, [23] [24] [25] 
CONCLUSION
Comparative proteomics identified 17 unique proteins that distinguish HNSCC from NAT, four of which are novel in the context of HNSCC. Loss of one of these proteins, cornulin, is a molecular feature linking various pathologies affecting stratified squamous epithelium and with sensitivity to etiologic factors for HNSCC.
